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A  Conceptual  Framework  for  Assessing  the  Functions 
of  Wetlands  (TR  WRP-DE-3) 


ISSUE: 

The  U.S.  Army  Corps  of  Engineers  is  responsi¬ 
ble  for  regulating  the  discharge  of  dredged  or  fill 
material  in  “waters  of  the  United  States”  under 
its  404  Regulatory  Program.  As  part  of  the 
permit  review  process,  the  Corps  determines  the 
effects  of  a  discharge  of  dredged  or  fill  material 
on  wetlands  and  other  public  interest  review 
factors.  Existing  methods  for  determining  the 
effects  of  a  discharge,  or  “assessing  the  func¬ 
tions  of  wetlands,”  fail  to  satisfactorily  address 
the  administrative  and  technical  requirements  of 
the  program. 

RESEARCH: 

This  research  identifies  the  regulatory,  adminis¬ 
trative,  and  technical  requirements  that  relate  to 
determining  the  effects  of  discharging  dredged 
or  fill  material  in  wetlands,  avoiding  and  mini¬ 
mizing  effects,  and  compensating  for  unavoid¬ 
able  effects.  It  explores  the  potential  use  of 
different  classification  and  modeling  ap¬ 
proaches  to  simplify  the  assessment  process, 
thereby  making  it  possible  to  satisfy  the  admin¬ 
istrative  and  technical  requirements  of  the  pro¬ 
gram.  Finally,  it  proposes  an  organizational 
structure  for  developing  assessment  methods 


that  use  the  different  classification  and  model¬ 
ing  approaches. 

SUMMARY: 

This  report  outlines  a  conceptual  framework  and 
organizational  structure  for  developing  a 
method  to  assess  the  functions  of  wetlands 
which  satisifies  the  administrative  and  technical 
requirements  of  the  404  Regulatory  Program. 
^Miile  the  focus  is  the  404  Regulatory  Program, 
it  is  anticipated  that  the  procedure  will  be  useful 
in  the  context  of  other  regulatory  programs,  as 
well  as  planning  and  management  activities  in¬ 
volving  wetland  resources. 

AVAILABILITY  OF  REPORT: 

The  report  is  available  on  Interlibrary  Loan  Ser¬ 
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Experiment  Station  (WES)  Library,  telephone 
(601)634-2355. 

To  purchase  a  copy,  call  the  National  Technical 
Information  Service  (NTIS)  at  (703)  487-4650. 
For  help  in  identifying  a  title  for  sale,  call  (703) 
487-4780. 

NTIS  report  numbers  may  also  be  requested 
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1  Introduction 


The  U.S.  Araiy  Corps  of  Engineers  is  charged  under  Section  404  of  the 
Qean  Water  Act  (33  USC  1344)  with  regulating  the  discharge  of  dredged  or 
fill  material  in  "waters  of  the  United  States,"  which  includes  wetlands  and 
other  special  aquatic  sites  by  definition.  Under  the  Corps’  404  Regulatory 
Program,  implications  for  a  permit  to  discharge  dredged  or  fill  material  are 
reviewed  in  accordance  with  the  Corps  Regulatory  Program  Regulations 
(33  CFR  Parts  320-330),  the  U.S.  Environmental  Protection  Agency  (USEPA) 
404(b)(1)  Guidelines  (40  CFR  Part  230),  and  several  Memoranda  of  Agree¬ 
ment  between  the  Corps  and  USEPA.  The  review  process  considers  the  "pub¬ 
lic  interest"  by  determining  the  effects  of  the  proposed  discharge  on  a  variety 
of  public  interest  factors,  including  wetlands,  fish  and  wildlife,  water  quality, 
floodplains,  economics,  and  mitigation.  The  effects  of  the  proposed  discharge 
on  the  public  interest  are  considered  in  coming  to  a  decision  to  issue  or  deny  a 
permit  through  the  "balancing"  of  the  potentially  favorable  effects  versus 
potentially  detrimental  effects  of  the  proposed  project. 

This  report  focuses  on  the  public  interest  review  factor  of  wetlands,  and  on 
methods  for  determining  the  effects  of  discharging  dredged  or  fill  material  in 
wetlands.  Throughout  this  report,  determining  the  effects  of  discharging 
dredged  or  fill  material  will  be  referred  to  as  "assessing  the  functions  of  wet¬ 
lands,"  in  keeping  with  more  common  terminology.  A  variety  of  methods 
have  been  developed  in  recent  years  to  assess  the  functions  of  wetlands;  how¬ 
ever,  none  has  received  widespread  use  within  the  404  Regulatory  Program. 
This  is  because  the  methods  have  in  general  failed  to  meet  the  administrative 
and  technical  requirements  of  the  program.  There  continues,  however,  to  be  a 
strong  interest  in  developing  methods  to  assess  the  functions  of  wetlands  in  the 
context  of  the  program.  This  report  outlines  a  conceptual  and  organizational 
framework  for  developing  such  an  assessment  method.  While  the  focus  of 
attention  is  the  404  Regulatory  Program,  it  is  anticipated  that  the  approach 
discussed  in  this  report  will  result  in  an  assessment  method  that  wiU  be  useful 
in  other  regulatory,  planning,  and  management  activities  involving  wetland 
resources. 
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2  Existing  Methods  for 
Assessing  the  Functions 
of  Wetiands 


A  number  of  methods  have  been  developed  in  the  past  10  to  15  years  to 
assess  the  functions  of  wetlands.  Some  of  these  methods  were  designed  spe¬ 
cifically  for  use  in  wetland  ecosystems,  while  others  are  adaptations  of  meth¬ 
ods  originally  developed  for  upland  or  aquatic  ecosystems.  In  the  early  to 
middle  1980s,  several  reviews  of  existing  methods  were  completed.  One 
review  by  Lonard  et  al.  (1981)  evaluated  the  applicability  of  methods  in  the 
context  of  the  404  Regulatory  Program.  The  criteria  used  to  judge  each 
method  included  wetland  functions  addressed,  geographic  scope,  data  require¬ 
ments,  procedural  flexibility,  end  products,  and  potential  uses.  The  authors 
concluded  that  none  of  the  methods  examined  were  appropriate,  in  their  pres¬ 
ent  form,  for  use  in  the  context  of  the  404  Regulatory  Program,  and  made 
recommendations  for  improving  the  methods.  A  second  review,  by  Nelson, 
Shea,  and  Logan  (1982),  considered  methods  designed  to  assess  the  impacts  of 
dredging  and  fill  activities  on  aquatic  resources  and  wetlands.  A  variety  of 
procedural  formats  were  included  in  the  review,  including  checklists,  matrices, 
networks,  mapping  techniques,  indices,  habitat  evaluation  procedures,  and 
ecosystem  modeling.  Finilly,  the  USEPA  (1984)  summarized  the  reviews  of 
Lonard  et  al.  (1981)  and  Nelson.  Shea,  and  Logan  (1982),  and  considered 
additional  methods  for  screening  wetland  functions  and  the  potential  adverse 
effects  of  individual  projects  on  wetlands.  The  objective  of  this  review  was  to 
provide  a  basis  for  adopting  or  modifying  existing  methods,  or  developing  a 
new  method  for  use  in  USEPA  Region  S.  The  authors  concluded  that  "a  large 
number  of  methodologies  for  assessing  various  aspects  of  wetland  values  and 
functions  have  been  developed.  No  single  method  reviewed,  however,  meets 
the  requirements  of  a  quick  screening  technique  to  determine  a  broad  spectrum 
of  wedand  values  and  functions  and  the  potential  for  adverse  effects  of  con¬ 
struction  grant-related  activities." 

Several  methods  have  been  developed,  or  revised,  since  these  early  reviews 
were  published.  The  Wetland  Evaluation  Technique  (Adamus  et  al.  1987),  a 
revision  of  Adamus  and  Stockwell  (1983),  is  a  method  designed  to  rapidly 
assess  a  broad  range  of  functions  in  wetlands  throughout  the  United  States. 
Nationally,  this  method  has  received  more  attention  and  use  than  others,  with 
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the  exception  of  the  Habitat  Evaluation  Procedures  (U.S.  Fish  and  Wildlife 
Service  1980).  However,  use  of  this  method  is  still  quite  limited  when  con¬ 
sidering  the  large  number  of  permits  reviewed  nationally  each  year.  Other 
methods  have  received  significant  attention  at  the  regional  scale.  The 
Hollands/Magee  Method  has  been  under  continuous  development  and  use  in 
the  northeastern  and  tjonF  central  United  States  for  more  than  10  years.  An 
outline  of  this  method  and  the  models  used  to  derive  functional  indices  were 
published  in  a  cotucrence  proceedings  (Hollands  and  Magee  1986).  Documen¬ 
tation  of  the  original  method  is  available  (Normandeau  Associates,  Inc.,  and 
Interdisciplinary  Environmental  Planning,  Inc.  1982),  but  a  computerized, 
database  version  is  proprietary.'  Another  method,  known  as  the  Connecticut 
Method  (Amman,  Franzen,  and  Johnson  1986),  has  been  used  in  the  New 
England  area  for  several  years.  This  method  has  recently  been  adapted  for  use 
in  the  state  of  New  Hampshire  (Amman  and  Stone  1991).  Finally,  the  Wet¬ 
land  Evaluation  Method  (Wells  1988)  was  designed  for  use  in  the  north-central 
United  States.  It  is  often  characterized  as  a  regional  version  of  the  Wetland 
Evaluation  Technique;  however,  the  models  used  to  assess  hydrologic  and 
water  quality  ftmctions  set  it  apart  from  the  national  version.  An  extensive 
review  of  these  methods,  and  other  methods  currently  available,  was  recently 
published  as  part  of  the  Statewide  Wetland  Management  Techniques  Report 
(Worid  WUdlife  Fund  1992). 

Despite  the  variety  of  methods  that  have  been  developed  for  assessing  the 
functions  of  wetlands,  none  has  received  widespread  use  within  the  context  of 
the  404  Regulatory  Program.  As  indicated,  this  is  generally  because  the  meth¬ 
ods  have  failed  to  meet  administrative  and  technical  requirements  of  the  pro¬ 
gram.  Specific  reasons  why  different  methods  have  not  received  widespread 
use  include; 

•  Extensive  time  and  resource  requirements  for  implementation. 

•  Subjectivity  in  implementation. 

•  Limited  number  of  wetland  functions  considered. 

•  Applicability  of  method  results. 

•  Concerns  over  technical  validity. 

•  Limited  geographic  scope. 


‘  PcRonal  Communicaiion,  1992,  Mr.  Ganei  G.  Hollands,  Fugro-McClelland  East,  Inc., 
Northboro,  MA. 
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3  Regulatory,  Administrative, 
and  Technical 
Requirements 


The  regulatory  requirement  to  determine  the  effects  of  discharging  dredged 
or  fiU  material  on  wetlands,  or  to  assess  the  fimctions  of  wetlands,  is  set  forth 
in  the  Corps  Regulatory  Program  to  Regulations  (33  CFR  Parts  320-330). 
Section  32(Xa)  (1)  of  these  regulations  states,  "The  decision  whether  to  issue  a 
permit  will  be  based  on  an  evaluation  of  the  probable  impacts,  including 
cumulative  impacts,  of  the  proposed  activity  and  its  intended  use  on  the  public 
interest."  In  the  case  of  the  404  Regulatory  Program,  the  "proposed  activity" 
is  the  discharge  of  dredged  or  fill  material.  Section  320.4(b)(1)  states,  "Most 
wetlands  constitute  a  productive  and  valuaWe  resource,  the  unnecessary  alter¬ 
ation  or  destruction  of  which  should  be  discouraged  as  contrary  to  the  public 
interest."  Section  320.4(b)(2)  identifies  specific  functions  performed  by  wet¬ 
lands  that  are  important  to  the  public  interest.  These  fimctions  are  summarized 
in  Table  1,  along  with  their  "values,"  that  is,  the  benefits,  goods,  and  services 
that  result  from  them.  Finally,  Section  320.4(b)(4)  states  that  "No  permit  will 
be  granted  which  involves  the  alteration  of  wetlands  identified  as  important  in 
paragraph  (b)(2)  of  this  section  unless  the  district  engineer  concludes  that  on 
the  basis  of  the  analysis  required  by  paragraph  (a)  of  this  section,  the  benefits 
of  the  proposed  alteration  outweigh  the  damage  to  the  wetlands  resource." 
Paragraph  (a),  as  cited  above,  discusses  the  process  of  balancing  the  benefits 
and  detriments  of  a  project  on  a  suite  of  public  interest  review  factors  in  com¬ 
ing  to  the  decision  to  issue  or  deny  a  permit.  In  addition,  it  mandates  compli¬ 
ance  with  the  USEPA  404(b)(1)  Guidelines,  and  outlines  other  general  criteria 
to  be  considered  in  evaluating  permit  applications. 

The  implications  that  can  be  drawn  ftom  the  regulations  with  respect  to 
assessing  the  functions  of  wetlands  are  clear.  These  include; 

•  Wetlands  are  assumed  to  be  a  valuable  resource. 

•  The  importance  of  wetlands  to  the  public  interest  can  be  expressed  in 
terms  of  the  specific  fimctions  that  a  wetland  performs. 
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Table  1 

Functions  of  Wetlands  and  Their  Value 


Functiona  of  Wetlands 

Value  of  the  Functions  of  Wetlsnds 

Store  and/or  convey  floodwater 

Reduce  flood-related  damage 

Buffer  stonn  surges 

Reduce  flood-related  damage 

Recharge  groundwater 

Maintain  groundwater  aquifers 

Discharge  groundeater 

Maintain  base  flow  tor  aquatic  species 

Stabilize  shorelines 

Minimize  erosion  damage 

Stabilize  streambanks 

Minimize  erosion  damage 

Detain/remove/transform  nutrients 

Maintain  water  quality 

Detain/remove/transform  contaminants 

Maintain  water  quality 

Detain/remove  sediments 

Maintain  water  quality 

Maintain  intra/inter  ecosystem  integrity 

Maintain  plant  and  animal  populations 

Preserve  endangered  species 

Maintain  biodiversity 

Provide  renewable  food  and  fiber 
products 

Setting  for  cultural  activities 

Provide  recreational  opportunities 

Provide  education/research  opportunities 

Provide  aesthetic  enjoyment 

Preserve  archeological  and  historical 
sites 

•  Public  interest  review  requires  that  the  effects  of  discharging  dredged 
or  fill  material  on  wetlands  be  determined. 

•  This  determination  is  made  by  assessing  the  effects  of  discharging 
dredged  or  fill  material  on  the  ability  of  wetlands  to  perfonn  specific 
functions  (i.e.,  assessing  the  functions  of  wetlands). 

•  The  results  of  the  detennination  must  be  explicitly  considered  in  com¬ 
ing  to  the  decision  to  issue  or  deny  a  permit. 


Specific  administrative  requirements  of  the  404  Regulatory  Program  that  are 
relevant  to  the  development  of  a  method  to  assess  the  fimctions  of  wetlands 
can  also  be  identified.  These  include: 
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•  The  need  for  standardization  to  ensure  that  the  method  can  be  ^>plied 
consistently  in  a  diversity  of  wefland  types  throughout  the  United 
States. 

•  The  need  to  use  the  best  available  technical  information. 

•  The  need  to  maintain  compatibility  with  the  time  and  resource  frame- 
woric  of  the  404  Regulatory  Program. 

The  first  requirement  reflects  the  fact  that  the  404  Regulatory  Program  is  a 
nationwide  program,  and  the  methods  employed  in  the  program  must  be  capa¬ 
ble  of  being  t^pUed  consistently  in  the  diversity  of  wetlands  that  exist  in  the 
United  States.  The  second  requirement  reflects  the  fact  that  technical  informa¬ 
tion  concerning  how  wetlands  perform  specific  functions  is  often  limited. 
However,  as  research  on  wetland  charaaeristics  and  processes  continues,  better 
information  will  become  available.  Consequently,  methods  for  assessing  the 
functions  of  wetlands  must  incorporate  the  best  technical  information  currently 
available,  while  retaining  the  flexibility  to  integrate  new  information.  The  last 
requirement  reflects  the  reality  of  the  limited  time  and  resources  available  for 
review  of  permit  applications.  The  Corps  processes  over  50,000  general  and 
individual  permits  armually,  and  time  and  resource  constraints  will  continue  to 
be  a  reality  of  the  program  in  the  foreseeable  future. 

In  addition  to  the  regulatory  and  administrative  requirements,  specific  tech¬ 
nical  requirements  ate  relevant  in  developing  a  method  to  assess  the  functions 
of  wetlands  in  the  context  of  the  404  Regulatory  Program.  These  requirements 
are  tied  directly  to  determining  the  effects  of  discharging  dredged  or  fill  mate¬ 
rial,  the  requirement  to  avoid  and  minimize  these  effects,  and  the  requirement 
to  compensate  for  unavoidable  effects.  Specific  technical  questiorrs  that  must 
be  addressed  can  be  identified  at  various  steps  in  the  permit  review  sequence. 
These  include: 

•  What  type  of  activity  does  the  projea  propose,  and  is  it  dependent  on 
waters  of  the  United  States? 

•  Do  practicable  alternatives  exist  for  locating  the  project  in  an  area  that 
will  reduce  the  impact  of  the  project  on  waters  of  the  United  States? 

•  What  fimctions  does  the  wetland  perform? 

•  How  will  the  project  impact  the  aWlity  of  the  wetlarrd  to  perform 
these  functions? 

•  What  steps  can  be  taken  to  avoid  or  minimize  these  project  impacts  on 
wetland  functions? 

•  What  steps  can  be  taken  to  compensate  for  unavoidable  project  impacts 
on  wetland  functions? 
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There  is  a  tremendous  diversity  of  wetlands  in  the  United  States  (Cowardin 
et  al.  1979,  Mitsch  and  Gosselink  1986)  that  results  from  the  wide  range  of 
climatic,  hydrologic,  and  geomorphic  conditions  that  are  conducive  to  their 
development.  Wetlands,  for  example,  can  occur  as  a  result  of  cool  or  wet 
climatic  conditions,  seasonal  overbank  flooding,  high  water  table,  tidal  inunda¬ 
tion,  impeimeatde  soils,  and  various  combinations  of  these  and  other  factors. 
The  great  diversity  of  {^ysical  conditions  under  which  wetlands  occur  is 
responsible  for  the  great  functional  diversity  exhibited  by  wetlands.  This  func¬ 
tional  diversity  creates  a  problem  for  the  development  of  methods  to  assess  the 
functions  of  wetlands  because  as  functional  diversity  increases,  so  must  the 
complexity  of  the  assessment  method.  As  a  method  increases  in  complexity, 
the  time  and  resources  required  to  implement  the  method  increase  accordingly. 
To  develop  a  method  for  assessing  the  functions  of  wetlands  that  satisfies  the 
regulatory,  administrative,  and  technical  requirements  of  the  404  Regulatory 
Program,  it  is  first  necessary  to  reduce  tlw  diversity  of  wetlands  that  any  single 
assessment  must  address. 

At  least  two  approaches  can  be  used  to  address  this  problem.  Both  repre¬ 
sent  compromises  with  positive  and  negative  aspects.  The  first  approach  is  to 
generalize  a  specific  function  of  wetlands  to  the  point  that  a  single  "model" 

(see  below)  can  be  used  to  assess  that  function  in  all  wetlands.  The  positive 
side  of  this  approach  is  that  only  one  set  of  assessment  models  needs  to  be 
developed.  The  negative  side  is  that  getKtalized  models  have  lower  resolution, 
and  lack  the  ability  to  identify  real  and  significant  changes  in  the  ability  of  a 
wetland  to  perform  specific  fimctions  that  result  fiom  the  discharge  of  dredged 
or  fill  material,  or  other  impacts.  This  generalized  approach  is  the  one  taken 
by  many  of  the  existing  methods  (Adamus  et  al.  1987;  Amman,  Frazen,  and 
Johnson  1986).  The  experience  of  individual  users  (Dougherty  1989;  Roberts, 
1990')  and  the  lack  of  widespread  use  in  the  404  Regulatory  Program  indicate 
that  this  approach  has  problems  for  a  number  of  reasons,  as  indicated  above. 

The  second  approach  is  to  group  wetlands  into  classes  that  are  fimctioTudly 
similar,  and  develop  models  to  assess  functions  within  ead)  class.  The 


'  Personal  Communication,  1990,  Dr.  Thomas  H.  Roberu,  Tennessee  Technologkal  University, 
Cookeville,  TN. 
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negative  side  of  this  approach  is  that  a  greater  number  of  assessment  models 
must  be  developed,  one  set  for  each  class  of  wetlands  identified.  The  positive 
side  of  this  approach  is  that  it  simplifies  the  process  of  developing  and  using 
assessment  models.  From  the  development  point  of  view,  by  focusing  atten¬ 
tion  on  a  class  of  wetlands  that  are  hmctionally  similar,  it  should  be  possible 
to  develop  assessment  models  that  are  simpler  (since  fewer  model  variables 
will  need  to  be  considered)  and  of  higher  resolution.  From  the  user’s  point  of 
view,  the  amount  of  data  that  must  be  collected  and  analyzed  is  reduced,  mak¬ 
ing  it  possible  to  complete  the  assessment  more  quickly.  As  an  example,  tidal 
range  is  an  important  variable  in  models  developed  to  assess  the  ability  of 
coastal  marshes  to  perform  certain  functions.  However,  tidal  range  is  irrelevant 
in  models  developed  to  assess  the  ability  of  freshwater  wetland  depressions  to 
perform  those  same  functions.  In  the  generalized  approach,  an  assessment 
model  must  include  all  variables  that  are  relevant  in  assessing  the  ability  of 
any  wetland  to  perform  a  certain  function.  In  the  classification  approach, 
fewer  model  variables  are  necessary  to  assess  the  abUity  of  wetlands  in  a  cer¬ 
tain  class  to  perform  a  certain  function.  Another  positive  aspect  of  the  classifi¬ 
cation  approach  is  that  it  is  more  consistent  with  the  actual  situation  one  flnds 
in  the  404  Regulatory  Program.  In  the  majority  of  Corps  Districts,  the  major¬ 
ity  of  permit  activity  focuses  on  one  or,  at  most,  a  few  wetland  types  in  the 
region. 

A  variety  of  classifications  have  been  developed  for  wetlands  (Stewart  and 
Kantrud  1971,  Golet  and  Larsen  1974,  Cowardin  et  al.  1979,  Canadian  Com¬ 
mittee  on  Ecological  Land  aassification  1987).  The  most  widely  used  system 
for  classifying  wetlands  in  the  United  States  is  the  Cowardin  et  (1979) 
classification  system  developed  for  the  U.S.  Fish  and  Wildlife  Service 
(Table  2,  column  1).  This  classification  was  designed  to  meet  four  objectives: 
to  describe  ecological  units  that  have  certain  homogenous  natural  attributes,  to 
arrange  these  units  in  a  system  that  will  aid  in  decisions  about  resource  man¬ 
agement,  to  furnish  units  for  inventory  and  mapping,  and  to  provide  uniformity 
in  concepts  and  terminology  throughout  the  United  States.  The  National  Wet¬ 
land  Inventory  (NWI)  maps  wetland  and  deepwater  habitats  using  the 
Cowardin  classification  because  the  inventory  of  wedands  at  the  national  scale 
requires  large  amounts  of  spatial  data.  Tire  Cowardin  classification  is  well- 
suited  for  this  application  because  it  is  based  on  characteristics  that  can  be 
identified  from  a  remote  sensing  data  platform.  However,  the  use  of  strucmral 
vegetative  characteristics  as  the  primary  criterion  for  classifying  wetlands  may 
be  inappropriate  because  it  often  places  wetlands  that  are  fimctionally  very 
different  into  the  same  class  (Semeniuk  1987). 

Another  classification  approach  that  has  been  frequently  mentioned  in  the 
context  of  assessing  the  functions  of  wetlands  is  geographic  "regionalization" 
(Sather  and  Stuber  1984).  Regionalization  is  a  classification  of  wetlands  based 
on  the  large-scale,  interregional  factors  that  influence  how  a  wetland  functions. 
For  example,  interregiontd  climatic  changes  can  affect  how  wetlands  function 
because  of  differences  in  precipitation  to  evapotranspiration  ratio,  or  type  of 
precipitation  and  its  effect  on  stream  hydrographs  (i.e.,  snowmelt  versus  rain- 
driven).  A  variety  of  regional  factors  cleariy  affect  the  functional  capability  of 
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Table  2 

Comparison  of  Cowardln,  EMAP,  and  Hydrogeomorphic 
Classification 


— 

Envtronmantal  Monltorlns 
Aaaaasmant  Program  for 

Cowardln  - 

Wadands- 

Syatam/Subayatam/ 

Syslam/Class 

Hydrogaomorpble 

Class 

(Liabowitz,  Squiraa,  and  Baker 

Clasa/Subclaaa 

(Cowardln  at  al.  1979) 

1991) 

(Brinson  1992) 

Marine 

Marine 

(Marine) 

Subtidai 

Intertidal 

Aquatic  bed  (EMAP-NC) 

Fringe 

Estuarine 

Estuarine 

(Estuarine) 

Subtidai 

Aquatic  bed  (EMAP-NC) 

Intertidal 

Emergent 

Fringe 

Scrub-shrub 

Forested 

Unconsolidated  shore  (EMAP-NC) 

Channel 

Riverine 

(Riverine) 

Tidal 

Channel 

Lower  perennial 

Tidal 

Upper  perennial 

Lower  perennial 

Intermittent 

Upper  perennial 
Intemnittent 

Lacustrine 

(Lacustrine) 

Depression 

Aquatic  bed 

Groundwater 

Unconsolidated  shore 

Surface  water 

Palustrine 

Palustrine 

(Palustrine) 

Persistent  emergent 

Slope 

Scrub-shrub 

GrouncAvater 

Forest 

(Riparian  -  R  locator) 

Surface  water 

Persistent  emergent 

Emergent 

Floodplain 

Scrub-shrub 

Scrub-shrub 

Tidal 

Forest 

Forest 

Lower  perennial 

Upper  perennial 
Intermittent 

(Lacustrine  -  L  locator) 

Persistsm  emergent 

Emergent 

Fringe 

Scrub-shmb 

Scrub-shnrb 

Lake 

Forest 

Forest 

(Basin  -  no  locator) 

Aquatic  bed 

Shallows 

Depression 

Persistent  emergent 

Emergem 

Grountbvater 

Scrub-shrub 

Scrub-shrub 

Surface  water 

Forest 

Forest 

Moss-lichen 

Moss-lichen 

Expansive  Peatland 
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a  wetland.  However,  many  factors  operating  at  the  intraregional  scale  are  just 
as  important,  if  not  more  important,  in  terms  of  controlling  how  a  wetland 
functions.  In  some  geographic  regions  of  the  country,  the  intraregional  diver¬ 
sity  of  wetlands  approaches  the  diversity  of  wetlands  in  the  entire  country. 

For  this  reason,  a  classification  of  wetlands  based  on  factors  operating  only  at 
the  regional  scale  is  inadequate.  Regionalization  must  be  linked  with  a 
mechanism  for  classifying  wetlands  into  functionally  similar  groups  based  on 
factors  operating  at  the  interregional  scale. 

Recently,  Brinson  (1992)  proposed  a  classification  of  wetlands  based  on  the 
hydrogeomorphic  characteristics  of  geomorphic  setting,  water  source,  and 
hydrodynamics.  The  classification  is  based  on  characteristics  that  ate  impor¬ 
tant  in  controlling  how  wetlands  hmction  (Gosselink  and  Turner  1978,  Mitsch 
and  Gosselink  1986)  and  is  appropriate  for  identifying  wetland  classes  that  are 
fimctionally  similar.  A  preliminary  list  of  hydrogeomorphic  wetland  classes 
and  subclasses  was  developed  during  the  Wetland  Assessment  Workshop  in 
March  1991.  These  ate  shown  in  the  left  column  of  Table  3.  Geomorphic 
setting  defines  six  wetland  classes  at  the  highest  level  of  the  classification  hier¬ 
archy:  Oeptessional,  Riverine,  Fringe,  Slope,  Channel,  and  Expansive  peat- 
land.  The  subclasses  listed  below  each  class  are  based  on  water  source  and 
hydrodynamic  characteristics  of  the  wetland.  For  example,  under  the  depres- 
sional  class,  the  functionally  distinct  subclasses  Closed,  Semiclosed,  and  Open 
are  tentatively  identified. 

The  proposed  hydrogeomorphic  classification  does  not  explicitly  include  all 
factors  that  control  how  wetlands  ftmction.  For  example,  regional  variables 
such  as  climate  or  vegetation  are  not  classification  factors,  but  could  eventually 
be  included  at  lower  levels  of  the  classification  hierarchy,  or  as  variables  in 
models  for  assessing  specific  ftmctions.  Similarly,  the  classification  does  not 
address  short-  and  long-term  temporal  factors  such  as  beaver  activity  and  river 
meandering,  which  may  be  important  in  assessing  certain  ftmctions  (Klimas 
and  Smith,  in  preparation). 

It  should  be  clear  that  the  hydrogeomorphic  classification  is  not  a  mediod 
for  assessing  the  ftmctions  of  wetlands.  Rather,  the  classification  functions  as 
a  preliminary  step  in  an  c'verall  method,  or  procedure,  for  assessing  the  ftmc¬ 
tions  of  wetlands.  Tlie  c:ai>sification  simplifies  application  of  the  procedure  by 
focusing  attention  on  a  specific  class  of  wetlands,  rather  than  all  wetlands  as 
discussed  previously.  Use  of  a  hydrogeomorphic  classification  does  not  pre¬ 
clude  grouping  wetlands  based  on  other  characteristics,  considerations,  or 
objectives,  and  developing  models  for  assessing  these  wetland  classes.  For 
example,  in  certain  geographic  areas  it  may  be  appropriate  to  develop  assess¬ 
ment  models  for  a  specific  type  of  wetland  receiving  extensive  development 
pressure  or  other  types  of  widspread  or  intensive  impact.  The  Environmental 
Monitoring  Assessment  Program  for  Wetlands  (EMAP-Wetlands)  is  using  a 
modified  version  of  the  Cowardin  system  to  classify  wetlands  in  its  program  to 
monitor  long-term  health  of  wetlands  (Liebovritz,  Squires,  and  Baker  1991). 
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Tables 

Wetland  Hydrogeomorphic  Type  and  Subtype  and  Functions 

Matrix 

Hydrogoomorphlc 

CiasaM/Subelaasw 

Hydrologic 

Funetlona 

Blogeoeheinical 

Funetlona 

Biological/ 

Ecological 

Functions 

Cultural 

Functions 

Depressional 

Closed 

Semiclosed 

Open 

Riverine 

Tidal 

Lower  perennial 

Upper  perennial 

IntermittenVephemeral 

Fringe 

Coastal 

Lake 

Slope 

Channel 

Expansive  peatland 

Different  wetland  classifications  are  necessary  to  satisfy  different  objectives, 
and  there  are  many  reasons  to  ensure  that  an  exchange  of  information  is  possi- 
ble.  For  example,  the  wetland  maps  and  the  status  and  trends  reports  produced 
by  NWI  (Dahl  and  Johnson  1991)  represent  one  of  the  most  accessible  sources 
of  wetland  irrformatioa  Much  of  the  ittformation  contained  in  these  maps  and 
reports,  such  as  vegetation  structure,  hydrologic  regime,  water  quality,  and  sub¬ 
strate  type,  is  relevant  in  assessing  the  functions  of  wetlands.  Efforts  are  cur¬ 
rently  under  way  to  determine  ways  to  maximize  use  of  the  information  on 
NWI  maps  in  assessing  the  fimctions  of  wetlands.'  Table  2  shows  cross- 
referencing  between  the  Cowardin  classification,  the  EMAP-Wetlands  modifi¬ 
cation  to  Cowardin,  and  the  hydrogeomorphic  classification  proposed  by 
Brinson  (1992). 


’  Peisonal  Communication,  1992,  Dr.  William  O.  Wilen,  U.S.  Fish  and  Wildlife  Service, 
Washington,  DC. 
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5  Models  for  Assessing  the 
Functions  of  Wetlands 


Assessing  the  ability  of  a  wetland  to  perfoim  specific  functions  requires  an 
understanding  of  which  specific  charaaeristics  of  the  wetland  and  its  surround¬ 
ings  are  important  in  the  performance  of  a  fimction,  and  how  they  interrelate. 
In  the  assessment  method,  this  understanding  must  be  formalized  into  an 
"assessment  model."  which  is  a  simplified  representation  of  reality  that  pre¬ 
sents  the  significant  features  or  relationships  of  the  fimction  in  a  generalized 
form.  A  good  model  is  a  selective  approximation  that  excludes  incidental 
details,  observations,  and  measurements  to  concentrate  on  the  fundamental 
aspects  of  reality  of  the  phenomenon  being  modeled  (Gdlinas  1988).  In  the 
context  of  the  404  Program,  an  assessment  model  serves  as  the  means  for 
assessing  (i.e.,  measuring,  estimating,  or  predicting)  the  ability  of  a  wetland  to 
perform  a  specific  fimction  before  and  after  the  discharge  of  dredged  or  fill 
material.  A  number  of  models  have  been  developed  to  describe,  measure,  and 
predict  the  ability  of  wetlands  to  perform  functions.  They  have  taken  a  variety 
of  forms,  including  indices  (Amman.  Frazen,  and  Johnson  1986;  Hollands  and 
Magee  1986;  and  Amman  and  Stone  1991),  interpretation  keys  (Adamus  1983, 
Adamus  et  al.  1987),  rule-based  models  (Starfield  1990),  mechanistic  models 
(U.S.  Fish  and  Wildlife  Service  1980),  graphical  or  spatial  models  (Poiani  and 
Johnson  1991),  numerical  models  (Costanza  and  Sklar  1985),  and  simulation 
models  (Mitsch,  Straskraba,  and  Jorgensen  1988). 

The  single  most  important  factor  that  distinguishes  one  model  from  another 
is  the  degree  of  probability  with  which  the  model  represents  or  predicts  reality 
(Choriey  and  Haggen  1967).  Depending  on  the  nature  of  the  technical  infor¬ 
mation  available  for  developing  a  model,  the  skill  of  the  modeler,  and  the 
nature  of  the  data  used  as  input  to  the  model,  a  model  will  provide  a  more  or 
less  accurate  measure  of  the  ability  of  a  wetland  to  perform  a  function.  For 
the  most  part,  the  information  concerning  how  wetlands  fimction  is  inadequate 
for  developing  quantitative  assessment  models.  Hydrologic  functions  of  wet¬ 
lands  associated  with  surface  water  may  be  an  exception  because  of  past 
efforts  to  model  surface  water  resources  (Hydrologic  Engineering  Center 
1990).  Hollands  (1986)  argued  this  point  with  respect  to  relationship  between 
wetlands  and  groundwater  when  he  described  the  difficulties  associated  with 
the  collection  and  analysis  of  data,  and  the  identification  of  accurate  indicators 
(summarized  below). 
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There  are  no  shortcuts  to  accurately  {Hedict  the  groundwater  func¬ 
tion  of  a  wetland.  Detailed  hydrogeologic  data  is  necessary.  The 
data  is  expensive  and  may  require  a  year  or  more  of  groundwater 
elevation  observations  before  recharge/discharge  relationships  can  be 
understood.  The  state  of  the  an  of  understanding  wetland  water 
budgets  is  in  its  beginning  stages  and  much  more  research  is  needed 
before  accurate  predictors  are  developed  for  non-hydrogeologists. 

Since  hydrology  is  the  driving  force  of  wetland  functions,  and  reli¬ 
able  wetland  hydrology  predictors  do  not  exist,  it  is  doubtful  if  accu¬ 
rate  assessments  can  be  made  of  many  other  wetland  functions. 

Thoe  are  few  shortcuts  to  understanding  wetland  hydrologic  func¬ 
tions.  Detailed,  wetland-specific,  multi-disciplinary  investigations 
conducted  by  qualified  scientists  are  needed. 

The  extent  of  our  knowledge  and  information  is  just  one  side  of  the  coin. 
The  other  side,  as  pointed  out  by  Hollands,  is  the  ability  of  users  to  supply  the 
data  necessary  to  run  a  model.  For  certain  surface  water  hydrologic  functions, 
numerical  mathematical  models  are  available  for  predicting  the  ability  of  a 
wetland  to  perform  (Hydrologic  Engineering  Center  1990).  The  problem  in 
these  situations  is  that  given  the  time  and  resources  available,  it  is  difficult  to 
acquire  and  analyze  the  data  necessary  to  run  these  numerical  models.  Unfor¬ 
tunately,  die  lack  of  technical  information,  or  the  difficulty  in  acquiring  or 
analyzing  it,  does  not  alter  the  task  o'  regulators,  planners,  and  managers  who 
must  make  decisions  conceining  wetland  resources  on  the  basis  of  available 
information.  The  challenge,  therefore,  is  still  to  develop  models  for  assessing 
the  functions  of  wetlands  given  the  level  of  information  available  in  a  manner 
rnmmensurate  with  the  time  and  resources  available  in  the  404  permit  review 
process.  The  most  realistic  approach  for  accomplishing  this,  given  the  con¬ 
straints  of  the  404  Regulatory  Program  and  the  general  lack  of  quantitative 
information,  is  to  develop  qualitative  models  of  wetland  function.  A  commit¬ 
ment  to  the  development  of  qualitative  models  of  wetland  function  does  not 
mean  that  when  adequate  technical  information  is  available,  more  accurate 
quantitative  models,  with  increased  data  input  requirements,  should  not  be 
developed.  If  both  qualitative  and  quantitative  models  of  wetland  function  are 
available,  users  should  have  the  option  to  select  the  assessment  model  that 
balances  their  requirements  for  accuracy  with  available  time  and  resources. 

The  fact  that  most  of  the  information  and  knowledge  conceining  how  wet¬ 
lands  function  is  of  a  qualitative  nature  is  hardly  unique  to  wetlands.  Rather, 
this  is  true  of  most  ecological  knowledge  (Rykiel  1989).  Recently,  progress 
has  been  made  with  modeling  approaches  that  make  use  of  qualitative  ecologi¬ 
cal  information.  Rykiel  (1989)  summarized  the  potential  role  and  usefulness 
of  such  approaches  as  follows: 

Much  ecological  knowledge  is  qualitative  and  fuzzy,  expressed 
verbally  and  diagrammatically.  Ecologists  have  no  effective  technol¬ 
ogy  for  using  this  vast  knowledge  in  a  meaningful  way.  The  core  of 
ecology  does  not  yet  exist  in  the  form  of  an  accepted  set  of  mathe¬ 
matical  expressions.  There  is  no  evident  point  to  waiting  around  for 
ecology  to  become  primarily  quantitative,  and  in  the  mean  time 
ignoring  the  predictive  power  of  qualitative  knowledge.  In  reality. 
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ecologists  have  considerable  knowledge  in  their  heads  and  not  many 
ways  to  make  this  knowledge  explicit,  well-organized,  and  computer 
processable.  Artificial  intelligence  research  may  provide  tools  in  the 
form  of  symbolic  computing  techniques  fOT  manipulating  qualitative 
kiiowledge.  Many  questions  of  interest  in  ecology  (and  especially  to 
decisionirokers)  can  be  answered  in  terms  of  "better  or  worse,  more 
or  less,  sooner  or  Later,"  etc. 

The  search  for  quantitative  knowledge  must  continue  to  discover 
ecological  relationships  that  can  be  expressed  and  manipulated  with 
the  power  of  mathematics.  The  challenge  is  to  integrate  quantitative 
knowledge  with  qualitative  knowledge  to  deal  with  the  complexity  of 
ecological  and  environmental  systems.  Scientifically  valid  qualitative 
predictions  can  be  made  even  when  quantitative  predictions  cannot. 

Often  quantitative  methods  are  used  to  arrive  at  a  qualitative  predic¬ 
tion  or  decision.  When  quantitative  methods  are  inadequate  or  lack¬ 
ing,  estimates,  predictions,  and  decisions  must  still  be  made  in  both 
scientific  and  management  situations. 

The  best  documented  of  these  qualitative  modeling  approaches  is  known  as 
qualitative,  rule-based  modeling  (Widman,  Loparo,  and  Nielsen  1989). 

Starfield  and  Bleloch  (1986)  first  showed  how  qualitative  rules  could  be  used 
to  modify  conventional  quantitative  models  to  build  dynamic,  qualitative  mod¬ 
els.  Other  good  examples  of  this  modeling  approach  can  be  found  in  Starfield, 
Farm,  and  Taylor  (1989)  and  Starfteld  (1990).  The  rule-based  approach  should 
be  considered,  along  with  more  traditional  approaches  for  developing  models 
to  assess  the  functions  of  wetlands,  because  it  makes  use  of  the  qualitative 
information  that  is  often  the  only  type  of  information  available.  In  addition, 
the  type  of  input  data  required  to  nm  these  models  is  compatible  with  the  lim¬ 
ited  time  and  resources  inherent  in  the  program. 
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6  Assessing  the  Value  of  the 
Functions  of  Wetlands 


Assessing  the  functions  of  wetlands  provides  a  means  for  comparing  the 
ability  of  two  wetlands,  separated  in  space  or  time,  to  perfom  specific  fimc- 
tions.  However,  it  does  not  provide  a  means  for  comparing  the  value  of  the 
functions  perfonned  by  a  wetland  with  the  value  of  other  public  interest  factors 
considered  during  the  public  interest  review.  Value  has  been  characterized  by 
Brown  (1984)  as  "held”  and  "assigned."  Held  values  are  the  precepts  or  ideals 
that  individuals,  or  groups,  believe  in.  Assigned  values  represent  the  relative 
importance  of  things  to  individuals,  or  groups.  Balancing  the  asssigned  value 
of  different  public  interest  review  factors  is  a  more  subjective  process  because 
assigned  value  is  specific  to  individuals,  or  groups,  and  their  situation  (Siden 
and  WoneU  1979). 

Society  commonly  designates  assigned  value  to  benefits,  goods,  and 
services  in  economic  terms.  The  economic  value,  or  market  price,  represents 
the  integration  of  all  the  factors  that  determine  the  willingness  of  people  to  pay 
for  the  benefits,  goods,  and  services  on  the  open  market.  The  economic  value 
of  some  of  the  benefits,  goods,  and  services  results  from  fimctions  performed 
by  wetlands  (Table  1)  can  be  determined.  For  example,  forested  wetlands  are 
often  managed  to  provide  timber  or  other  wood  products  for  which  market 
prices  have  been  established  through  exchange  on  the  open  market.  The  value 
of  forest  products  from  wetlands  can  be  compared  directly  to  the  value  of 
other  public  interest  review  factors  in  making  a  permit  decision. 

However,  unlike  timber  or  wood  products,  many  of  the  benefits,  goods,  or 
services  resulting  from  the  functions  performed  by  wetlands  are  not  exchanged 
on  the  open  market,  and  consequently  have  no  established  economic  value 
indicated  by  market  price.  These  benefits,  goods,  and  services  accrue  to 
society  "in  common."  Society  recognizes  the  value  of  commonly  held  bene¬ 
fits,  goods,  and  services  through  the  passage  of  laws  and  by  promulgating 
regulations  designed  to  protect  benefits,  goods,  and  services.  For  example,  in 
the  United  States,  laws  exist  to  protect  and  maintain  clean  water,  clean  air, 
natural  lands,  cultural  and  historic  sites,  and  endangered  species. 

A  variety  of  methods  are  available  to  establish  the  economic  value  of  bene¬ 
fits,  goods,  and  services  for  which  no  market,  or  market  price,  exists.  These 
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include  replacement  cost  methods,  travel  cost  methods,  contingent  valuation 
methods,  cojoint  analysis,  and  others  (Shabman  and  Batie  1988,  Mitchell  and 
Carson  1989,  Luzar  and  Gan  1991).  In  addition,  there  are  a  variety  of  meth¬ 
ods  for  determining  value  based  on  noneconomic  standards  (Siden  and  Worrell 
1979).  As  indicated,  the  objective  of  this  report  is  to  outline  a  conceptual  and 
organizational  framework  for  developing  a  method  to  assess  the  ability  of 
wetlands  to  perform  specific  functions,  not  to  determine  the  value  of  these 
functions  and  their  associated  benefits,  goods,  and  services.  However,  recom¬ 
mendations  and  guidelines  for  assessing  the  value  of  the  functions  performed 
by  wetlands  are  currently  being  developed  in  another  Research  Area  of  the 
Wetlands  Research  Program  at  the  Waterways  Experiment  Station  (Henderson, 
in  preparation). 
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7  Organizational  Structure 
and  Approach  for 
Development 


The  organizational  structure  and  approach  for  developing  a  procedure  to 
assess  the  ability  of  a  wetland  to  perform  functions  is  shown  in  Figure  1 . 

The  interdisciplinary  work¬ 
ing  groups,  listed  at  the 
bottom  of  the  figure,  are 
responsible  for  developing 
models  of  wetland  function 
for  hydrologic,  biogeochemi¬ 
cal,  and  biological/ecological 
hincdons  for  specific  hydro- 
geomorphic  wetland  classes. 

Wetland  Qass  Working 
Groups  have  been  estab¬ 
lished  for  priority  wetland 
types,  including  riverine, 
depressional,  and  fringe/ 
coastal  hydrogeomorphic 
(Table  3).  Each  of  the  Wet¬ 
land  Class  Working  Group 
chairmen  coordinates  the 
activities  of  his  group  with 
other  Wetland  Class  Work¬ 
ing  Groups.  The  Assess¬ 
ment  Procedures  Working 
Group  is  responsible  for 
developing  the  overall 
assessment  procedure,  and 
the  Corps  Field  Oversight 
Committee  determines  the 
appropriateness  of  the 
assessment  procedure  and 
models  of  wetland  fimction  as  they  are  developed.  Coordination  among  all 
organizationa]  elements  is  facilitated  by  staff  fiom  the  Wetlands  Branch  of  the 


Figure  1 .  Organizational  stmcture  for  developing  a  method  to 
assess  wetland  functions 
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WES  Environmental  Laboratory.  Coordination  with  other  agencies  will  take 
place  through  the  extant  interagency  Wetland  Coordination  Committee,  which 
consists  of  nspresentatives  from  the  U.S.  Army  Corps  of  Engineers,  Federal 
Highway  Adininistration,  USEPA,  U.S.  Fish  and  Wildlife  Service,  and  Soil 
Conservation  Service. 
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8  Assessment  Procedures 
Working  Group 


An  Assessment  Procedures  Working  Group  was  formed  during  the  first 
quarter  of  FY  92.  The  task  of  this  group  is  to  develop  the  overall  assessment 
procedure  and  to  establish  guidelines  for  its  use.  This  will  include  identifying 
and  defining  of  wetland  functions;  identifying  methods  to  define  the  wetland 
areas  being  assessed;  identifying  ways  to  use  the  procedure  in  impact  analysis, 
avoidance,  minimization,  and  mitigation;  and  setting  guidelines  for  developing 
models  of  wetland  functioa  This  working  group  consists  of  individuals  with 
experience  in  the  development  of  assessment  procedures,  interagency  represen¬ 
tatives,  and  representatives  firom  WES. 
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9  Wetland  Class  Working 
Groups 


Three  interdisciplinary  working  groups  were  formed  in  the  first  quarter  of 
FY  92  to  address  the  riverine,  depressional,  and  fringe  (coastal)  wetland 
classes.  Each  group  consists  of  six  to  eight  members,  with  a  designated  chair¬ 
person  who  coordinates  activities  of  the  group  and  acts  as  a  liaison  with  WES. 
Additional  working  groups  may  be  formed  for  the  other  hydrogeomorphic 
wetland  classes  as  priorities  and  resources  dictate. 


i 


Hydrologic,  Water  Qualify,  Biological, 
and  Cultural  Functions 


i 


Indicators  -  Functional  Profiles 
Reference  Wetlands 


i 


Assessment  Models/Indices 


Figure  2.  Wetland  class  working  groups  pro¬ 
cedural  steps 


The  objective  of  the  working  groups  is  to 
identify  indicators  and  to  develop  models  of 
wetland  function  for  assessing  the  hydro- 
logic  arxi  biogeochemical  functions  for  a 
speciftc  hydrogeomorphic  wetland  class  and 
its  subclasses  (Figure  2).  Each  group  is 
responsible  for  completing  certain  tasks  and 
developing  specific  products.  These  tasks 
and  products  are  to  be  completed  in  three 
phases,  as  outlined  below.  Phases  1-3 
roughly  correspond  to  FYs  92-94. 

Phase  1  Tasks  and  Products; 

•  Characterize  hydrogeomorphic 
wetland  class. 

•  Charaaerize  distinct  subclasses 
within  each  hydrogeomorphic  class. 

•  Initiate  compilation,  review,  and 
synthesis  of  pertinent  literature. 

•  Identify  site-specific  and  landsc^- 
scale  hydrologic  and  biogeochemical 
functions  of  wetlands  in  tlie  hydro- 
geomorphic  wetland  type. 
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Identify  indicators  for  each  wetland  function. 


•  Develop  conceptual  model  for  each  function  showing  indicators,  pro¬ 
cesses,  and  their  relationships. 

•  Draft  functional  profile  for  hydrogeomoiphic  wetland  type. 

Phase  2  Tasks  and  Products: 

•  Make  recommendations  concerning  format  of  models  for  assessing 
wetland  functitms  (i.e.,  word  models,  indices,  qualitative  rule-based 
models,  numeric  models). 

•  Make  recommendations  concerning  implementation  of  models  (i.e., 
bounding  criteria,  definition  of  terminology). 

•  Make  recommendations  concerning  use  of  model  results  (i.e.,  HEP-like 
functional  units). 

•  Develop  draft  models  for  assessing  wetland  functions. 

•  Propose  wetland  sites  representative  of  hydrogeomorphic  wetland  type 
and  subtype  for  calibration  and  field  testing  of  models. 

•  Draft  models  for  assessing  wetland  functions. 

Phase  3  Tasks  and  Products: 

•  Calibrate  and  field-test  models. 

•  Revise  models  for  assessing  wetland  functions. 

•  Final  functional  profile  for  hydrogeomorphic  wetland  type. 

•  Compile  appendix  describing  calibration  and  field  testing,  and  the 
results. 

•  Prepare  final  models  for  assessing  wetland  functions. 

•  Identify  reference  wetlands  for  hydrogeomorphic  wetland  type. 

•  Identify  research  needs  for  improving  assessment  capability. 
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1 0  Habitat  Working  Group 


A  Habitat  Functions  Working  Group  was  formed  in  the  latter  part  of 
FY  91.  The  purpose  of  this  working  group  is  to  streamline  existing  models,  or 
develcq)  new  models,  for  assessing  habitat  functions  of  wetlands.  This  working 
group  focuses  on  the  habitat  ftmctions  of  selected  wetland  types,  such  as 
prairie  potholes,  red  maple  swamps,  and  bottomland  hardwoods.  This  working 
group  consists  of  representatives  from  the  U.S.  Fish  and  Wildlife  Service 
National  Ecology  Research  Center,  other  individuals  active  in  the  develo[Mnent 
of  models  for  assessing  the  habitat  function  of  wetlands,  and  a  representative 
from  WES. 
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1 1  Corps  Oversight 
Committee 


A  Corps  Oversight  Committee  will  be  formed  during  the  third  quarter  of 
FY  93.  The  task  of  this  cotrunittee  will  be  to  oversee  development  of  the 
assessment  procedure  and  models  of  wetland  function  to  ensure  that  they  are 
appropriate  in  the  context  of  the  404  Regulatory  Program  and  otherwise  meet 
the  needs  of  Corps  field  elements.  This  committee  will  also  be  responsible  for 
establishing  a  network  of  individuals  in  Districts  willing  to  serve  as  points  of 
contact  for  the  flow  of  information  amceming  the  assessment  of  wetland  func¬ 
tions.  The  committee  will  consist  of  representatives  from  the  regulatory  and 
planning  branches  of  the  Corps  Districts  or  field  offices  and  one  representative 
from  WES. 


Chapter  1 1  Corps  Oversight  Committee 


23 


References 


Adamus,  P.  R.  (1983).  "A  method  for  wetland  functional  assessment;  Vol¬ 
ume  I,"  Repoit  FHWA-IP-82-23,  Office  of  Research  and  Development, 
Federal  Highway  Administration.  U.S.  Department  of  Transportation. 
Washington.  DC. 

Adamus.  P.  R.,  Qairain,  E.  J.,  Jr..  Smith,  R.  D.,  and  Young,  R.  E.  (1987). 
"Wetland  evaluation  technique  (WET);  Volume  II,"  U.S.  Army  Engineer 
Waterways  Experiment  Station,  Vicksburg,  MS. 

Adamus,  P.  R.,  and  Stockwell,  L.  T.  (1983).  "A  method  for  wetland  func¬ 
tional  assessment.  Volume  II,"  Office  of  Research  and  Development, 
Federal  Highway  Administration,  U.S.  Department  of  Transportation, 
Washington.  DC. 

Amman,  A.  P.  and  Stone,  A.  L.  (1991).  "Method  for  the  comparative  evalua¬ 
tion  of  nontidal  wetlands  in  New  Hampshire,"  NHDES-WRD-1991-3,  New 
Hampshire  Department  of  Envirmimental  Services. 

Amman,  A.  P.,  Franzen,  R.  W.,  and  Johnson,  J.  L.  (1986).  "Method  for  the 
evaluation  of  wetlands  in  New  Hampshire,"  Bulletin  No.  9,  Connecticut 
Department  of  Environmental  Protecticm. 

Brinson,  M.  M.  (1992).  "A  hydrogeomorphic  classification  for  wetlands," 
Technical  Report  WRP-DE-4,  U.S.  Army  Engineer  Waterways  Experiment 
Station,  Vicksburg,  MS. 

Brown,  T.  C.  (1984).  "The  concept  of  value  in  resource  allocation,"  Land 
Economics  60,  231-46. 

Canadian  Committee  on  Ecological  Land  Qassification,  National  Wetlands 
Working  Group.  (1987).  "The  Canadian  wetland  classification  system," 
Ecological  Land  Classification  Series  No.  21,  Land  Conservation  Branch, 
Canadian  Wildlife  Service,  Environment  Canada,  Toronto. 

Choriey,  R.  J.  and  Haggett,  P.  (1967).  "Models,  paradigms  and  the  new  geo¬ 
graphy."  Socio-economic  models  in  geography.  R.  J.  Choriey  and 
P.  Haggett,  eds.,  Methuen  &  Company,  London,  19-41. 


Reterenoes 


Costanza,  R.,  and  Sklar,  F.  H.  (1985).  "Articulation,  accuracy,  and  effective¬ 
ness  of  mathematical  models:  A  review  of  freshwater  wetland  applica¬ 
tions,"  Ecological  Modelling  27,  45-68. 

Cowardin,  L.  M.,  Carter,  V.,  Golet.  F.  C.,  and  LaRoe,  E.  T.  (1979).  "Classifi¬ 
cation  of  wetlands  and  deepwater  habitats  of  the  United  States,"  FWS/OBS- 
79/31,  Office  of  Biological  Services,  U.S.  Fish  and  Wildlife  Service, 
Washington,  DC. 

Dahl,  T.  E.,  and  Johnson.  C.  E.  (1991).  "Status  and  trends  of  wetlands  in  the 
conterminous  United  States,  mid-1970’s  to  mid-1980’s,"  U.S.  Fish  and 
Wildlife  Service,  Washington.  DC. 

Dougherty.  S.  T.  (1989).  "Evaluation  of  the  applicability  of  the  Wetland 
Evaluation  Technique  (WET)  to  high  elevation  wetlands  in  Colorado.” 
Wetlands  concerns  and  successes;  Proceedings.  American  Water  Resources 
Association  Symposium.  D.  W.  Fisk,  ed.,  415-27. 

Gdlinas,  R.  (1988).  "Definition,  characteristics,  and  types  of  ‘models,’" 
Newsletter  16,  Canadian  Committee  on  Ecological  Land  Qassification. 

Golet,  F.  C.,  and  Larson,  J.  S.  (1974).  "Qassification  of  freshwater  wetlands 
in  the  glaciated  Northeast,"  Resource  Publication  116,  U.S.  Fish  and  Wild¬ 
life  Service. 

Gosselink,  J.  G.,  and  Turner,  R.  E.  (1978).  "The  role  of  hydrology  in  fresh¬ 
water  wetland  ecosystems."  Freshwater  wetlands:  Ecological  processes 
and  management  potential.  R.  E.  Good,  D.  F.  Whigham,  and  R.  L. 
Simpson,  eds.,  Academic  Press,  New  York,  63-78. 

Henderson,  J.  "A  conceptual  plan  for  assessing  wetland  economic  values," 
Technical  Report  (in  preparation),  U.S.  Army  Engineer  Waterways  Experi¬ 
ment  Station,  Vicksburg,  MS. 

Hollands,  G.  G.  (1986).  "Assessing  the  relationship  of  groundwater  and  wet¬ 
lands."  Proceedings  of  the  National  Wetland  Assessment  Symposium.  J.  A. 
Kusler,  and  P.  Riexinger,  eds.,  55-7. 

Hollands,  G.  G.,  and  Magee,  D.  W.  (1986).  "A  method  for  assessing  the 
functions  of  wetlands."  Proceedings  of  the  National  Wetland  Assessment 
Symposium.  J.  A.  Kusler,  and  P.  Riexinger,  eds.,  108-21. 

Hydrologic  Engineering  Center.  (1990).  "HEC-1  (Version  4.0),Flood  hydro- 
graph  package;  User’s  manual,"  U.S.  Army  Hydrologic  Engineering  Cen¬ 
ter,  Davis,  CA. 

Klimas,  C.  V.,  and  Smith,  R.  D.  "Paradigm  lost:  Wetland  function  and 
temporal  change"  (in  preparation). 


References 


25 


Liebowitz,  N.  C,  Squires,  L..  and  Baker.  J.  P.  (1991).  "Research  plan  for 
monitoring  wetland  ecosystems,"  EPA/600/3-91A)10,  U.S.  Environmental 
Protection  Agency. 

Lonard,  R.  I.,  Clairain,  E.  T.,  Huffman,  R.  T..  Hardy,  J.  W.,  Brown,  C.  D., 
Ballard,  P.  E..  and  Watts,  J.  W.  (1981).  "Analysis  of  methodologies  used 
for  the  assessment  of  wetland  values."  prepared  by  U.S.  Anny  Engineer 
Waterways  Experiment  Station  for  U.S.  Water  Resources  Council,  Wash¬ 
ington,  E)C. 

Luzar,  E.  J.,  and  Gan.  C.  "Economic  valuation  of  wetland  functions  and 
values:  Literature  review,  1985-1991,"  Technical  Report  (in  preparation), 
U.S.  Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  MS. 

Mitchell,  R.  C.,  and  Carson.  R.  T.  (1989).  "Using  surveys  to  value  public 
goods:  The  contingent  valuation  method."  Resources  for  the  Future. 

Mitsch,  W.  J.,  and  Gosselink,  J.  G.  (1986).  Wetlands.  Van  Nostrand 
Reinhold,  New  York. 

Mitsch,  W.  J.,  Straskraba,  S..  and  Jorgensen,  S.  E.  (1988).  Wetland  Modeling. 
Elsevier.  New  York. 

Nelson,  R.  W.,  Shea,  G.  B.,  and  Logan,  W.  J.  (1982).  "Ecological  assessment 
and  reduction  of  impacts  from  inland  dredge  and  fill  operations," 
FWS/OBS-82-19,  U.S.  Fish  and  Wildlife  Service. 

Normandeau  Associates.  Inc.,  and  Interdisciplinary  Environmental  Planning. 

Inc.  (1982).  "Wetlands  assessment  report,"  Exxon  Minerals,  Rhinlander, 
WI. 

Poiani,  K.  A.,  and  Johnson,  W.  C.  (1991).  "Global  warming  and  prairie  wet¬ 
lands:  Potential  consequences  for  waterfowl  habitat,"  BioScience  41, 
611-18. 

Rykiel,  E.  J.,  Jr.  (1989).  "Artificial  intelligence  and  expert  systems  in  ecology 
and  natural  resources  management,"  Ecological  Modelling  46,  3-8. 

Sather,  J.  H.,  and  Stuber,  P.  R.  (1984).  "Research  gaps  in  assessing  wetland 
functions."  Transactions  of  the  North  American  Wildlife  and  Natural 
Resources  Conference  49,  304-11. 

Semeniuk,  C.  A.  (1987).  "Wetlands  of  the  Darling  system:  A  geomorphic 
approach  to  habitat  classification,"  Journal  of  the  Royal  Society  of  Western 
Australia  69,95-112. 

Shabman,  L.,  and  Batie,  S.  (1988).  "Socioeconomic  values  of  wetlands: 
Literature  review,  1970-1985,"  Environmental  Laboratory,  U.S.  Army  Engi¬ 
neer  Waterways  Experiment  Station,  Vicksburg,  MS. 


26 


References 


Siden,  J.  A.,  and  Wonell,  A.  C.  (1979).  Unpriced  values:  Decisions  without 
market  prices.  John  Wiley.  New  York. 

Storfield,  A.  M.  (1990).  "Qualitative,  nile-based  modeling."  BioScience  40; 
60M. 

Starfield.  A.  M..  and  Bleloch.  A.  L.  (1986).  Building  models  for  conservation 
and  wildlife  management.  Macmillan.  New  York. 

Starfield.  A.  M..  Farm.  B.  P..  and  Taylor.  R.  H.  (1989).  "A  rule-based  ecolo¬ 
gical  model  for  manangement  of  an  estuarine  lake.”  Ecological  Modelling 
46.  107-19. 

Stewart.  R.  E..  and  Kantrud.  H.  A.  (1971).  "Classification  of  natural  ponds 
and  lakes  in  the  glaciated  prairie  region."  Resource  Publication  92, 

U.S.  Fish  and  Wildlife  Service. 

U.S.  Environmental  Protection  Agency.  (1984).  "Technical  report:  Literature 
review  of  wetland  evaluation  methodologies,"  Region  5,  USEPA,  (Thicago. 
IL. 

U.S.  Fish  and  Wildlife  Service.  (1980).  "Ecological  services  manual"  (101- 
104  ESM),  Division  of  Ecological  Services,  U.S.  Department  of  the 
Imerior,  Washington,  DC. 

Wells,  J.  R.  (1988).  "The  Minnesota  wetland  evaluation  methodology  for  the 
north  central  United  States,"  Wetland  Evaluation  Methodology  Task  Force. 

Widman,  L.  E.,  Loparo,  K.  A.,  and  Nielsen,  N.  R.,  eds.  (1989).  Artificial 
intelligence,  simulation,  and  modeling.  John  Wiley,  New  York. 

World  Wildlife  Fund.  (1992).  Statewide  wetland  strategies:  A  guide  to  pro¬ 
tecting  and  managing  the  resource.  Island  Press,  Washington,  DC. 


References 


27 


REPORT  DOCUMENTATION  PAGE 


Form  Approtrtd 
0MB  No.  0704-01BB 


qatt»tri«a  wd  miwmmnq  ^^e 4*ta  wwdad. nd <o<t»p<»«inq ^ the 0<  lAlormnion  St«d  comiw«»m  mn fawryn  or  yy  oyy  iy 

rolUftiOT  cit  intwnwiiOB.  includuig Migantiom <o»  rtducing  t*u» b<j<4*i<  to  WMhingtox  n*»«auin«n  Wntcn. 0«*ao«w  w  5?Si5i> *******®^ 


1.  A€ENCV  USE  ONLY  (Lttire  Monk)  I  2.  REPORT  DATE 

I  August  1993 


4.  TITLE  AND  SUBTITLE 


3.  REPORT  TYPE  AND  OATES  COVERED 

Final  report  _ 


S.  FUNDING  NUMBERS 


A  Conceptual  Framewoit  for  Assessing  the  Functions  of  Wetlands 


6.  AUTHOIKS) 


R.  Daniel  Smith 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  AOORESS(ES} 


B.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


U.S.  Army  Engineer  Waterways  Experiment  Station,  Environmental  Laboratory,  Technical  Repot 
3909  Halls  Ferry  Road,  Vicksburg,  MS  39180^199  WRP-DE-3 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  AOORESS(ES) 


10.  SPONSORING /MONITORING 
AGENCY  report  NUMBER 


U.S.  Army  Corps  of  Engineers,  Washington,  DC  20314-1000 


11.  SUPPLEMENTARY  NOTES 


Available  from  National  Technical  Information  Service,  5285  Port  Royal  Road,  Springfield,  VA  22161. 


12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 


12b.  distribution  code 


Approved  for  public  release;  distribution  is  unlimited. 


13.  ABSTRACT  (Moximum  200  words) 


Wetland  ecosystems  perform  many  functions  that  are  beneficial  to  society.  Assessing  the  ability  of  wetlands  to 
perform  these  functions  is  an  important  part  of  the  regulatory,  planning,  and  management  activities  of  the  U.S.  Army 
Corps  of  Engineos  and  other  Federal  agencies.  Various  methods  have  been  developed  for  assessing  the  functions  of 
wetlands;  however,  none  has  received  widespread  accqitance  or  use  within  the  Corps  because  of  a  basic  failure  to 
meet  both  the  technical  and  programmatic  requirements  of  the  404  Regulatory  Program.  As  a  result,  the  assessment 
of  wetland  functions  is  often  completed  using  subjective  and,  in  some  cases,  undocumented  methods. 

This  report  outlines  a  conceptual  and  organizational  framewmk  for  developing  a  procedure  to  assess  the  functions 
of  wetlands  in  the  context  of  the  404  Regulatory  Program.  The  procedure  begins  with  the  classification  of  wetlands 
into  "functional  classes"  based  on  hydiogeomorphic  characteristics.  For  each  wetland  class,  a  suite  of  appropriate 
functions  are  identified  along  with  hinctional  indicators.  Functional  indicators  are  used  to  charactmze  the  physical, 
chemical,  and  biological  properties  and  processes  of  the  wetland  and  the  surrounding  area,  and  to  predict  the  func¬ 
tional  crqiability  of  the  wetUoid  in  the  context  of  a  reference  wetland  population. 


14.  SUBlEa  TERMS 

Assessment  Evaluation  Geomorphology 

Classification  404  Regulatory  Program  Hydrology 
Clean  Water  Act  Function  Index 


17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION 
OF  REPORT  OF  THIS  PAGE 

UNCLASSIFIED  UNCLASSIFIED 


NSN  7540-01 -280-5500 


y  Indicators  Value 
Model  Wetland 
Procedure _ 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 


IS.  NUMBER  OF  PAGES 

34 


16.  PRICE  CODE 


20.  LIMITATION  OF  ABSTRACT 


Standard  ^orm  298  (Rev  2-89} 

l^tncriMd  by  ANSi  Std  Z39-tS 


